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PURPOSE 
The purpose of this study is to compare two 
methods of determining t he axis and power of the 
far cylinder: the Jackson Cross cylinder and the 
Bi=Cross cylinder techniques~ in an effort to de-
termine if the Vaughn Bi-Cross cylinder tech nique 
could be subs ti tuted for the Jackson Cross cylind-
er test~ 
1 
REVIEW OF THE LITERATURE 
Matsuura's Auto~Crossl and Vaughn 1 s Bi=Cross cylinder2 
are similar in that both instruments employ monocular diplo= 
pi a to determine the existence of astigmatism; its axis and 
its power in that respective order. 
The Matsuura Auto-Cross article boasts of »hundreds of 
successful cases pertaining to ast igmatism regardless of 
their ~agnitude." 
The optical principles of the Matsuura Auto=Cross were 
not included in the article; however, the Vaughn Bi-Cross 
cylinder optics ars as follows: 
The Bi-Cross cvlinder testing device 
makes use of two lenses: 
A. Maddox prism . 
Be Bi-Cross cylinder lens. 
The Maddox prism produces the monocular 
diplopia necessary for th~ successful use of 
this instrument. 
The 8i-Cross cylinder lens is so con-
structed and arranged in this instrument that 
the two images produced by the Maddox prism 
are viewed in such a manner as to be similar 
to the two posit i ons considered when using 
the JCC (Jackson Cross cylinder) technique. 
The lens is mounted so it may be placed in 
one of two positionsj axis determination or 
power determinatione 
2 
PROCEDURE 
Fifty subjects were tested in all; one examin-
er ran the complete testing procedure on all fifty 
subjects$ 
The instrument$ used in the testing were a 
Green 1 s phoropte~ and the Bi-Crass cylindere 
The testing procedure was as follows with all 
findings at far: (1) PO (2) 20/30 blur, (3) clock 
dial, and ( 4) Red-green~ The control for th is ex= 
periment was the clock dial cyl inder and the red-
green sphere~ 
First, the exact power and axis of the cylind-
er correction was dete rmined by the standard J.C~C. 
technique. 
Second, the original clock dial cylinder and 
r ed-green sphere we re rep laced in the phoropter, 
t he Bi-Cro ss cylinder was put into place. The ex-
act procedure was as follows: (1) occlude left 
eye; (2) a 20/30 acuity letter (0) was projected in 
a refraction r oom with aoproximately 7ft/cd illumin-
atio n; (3) monocular di~lo~ia .was ~xperiencsd by 
the subject; (4) the subject was asked which of the 
two letters appeared clearer and more distinct; (5) 
if f or example the lower letter appeared the better~ 
the axis of the instrument wa s rotated counter-
clock wise until the top letter was reported bes t ; 
3 
(6) now the instrument's axis was rotated clock-
wise until the lower letter was report ed best; (?) 
the mid=point between (5) and (6) was recorded and 
placed in the phoropter as the final axis; (8) the 
handle of the instrument was rotated to the cylind-
er position~ (9) the subject was asked which of 
the two letters appeared clearer and more distinct; 
(10) if for example, the top l etter was reported 
better, cylinder power was reduced until both letters 
were reported equal ; (11 ) on the other hand if the 
lower letter was reported betterp cylinder power 
was increased until equality was achieved; (12) 
axis and power have now been determined for the 
right eye and now the procedure is repeated on 
the occluded eyes 
\ 
ORGANIZATION OF THE DATA 
Fifty aubjects from ~gea 10 to 69 were tested® Tha dist-
ribution by age groups ia as f ellows: 
AGE BRACKET NUMBER OF SUBJECTS 
0 = 10 years 1 
11 = 20 years 8 
21 = 30 years 35 
31 ~ 40 years 2 
41 = 50 years 3 
51 
-
60 years 0 
61 = 70 years 1 
Of the fifty subjects teatad~ 9 were females and 41 were 
mal e s ~ 
Table I, page 6, is a tab ulation of tha raw data~ 
5 
Table II, page 8, ia a comparison of the power cf the r ight 
eye as dcne by the J.C8C . and 81-Croae cylinder. 
Table III ~ page 9, is a comparison of the power cf the left 
eye BB dona by tha J.C~Ca and Bi-Cross ~lindar. 
Table IU~ page lOg is a comparison of the axis cf the right 
eye as dane by the J.c.c. and 81-Crcsa cylinder. 
Table U~ page 11~ is a comparison of the axis cf the left 
eye aa done by the J .c.c. an d Bi-Croaa cylinder. 
CASE AGE: SEX; 
NO.: 
1. 
2,. 
3~ 
4. 
5. 
6. 
7~ 
B. 
9. 
10. 
ll. 
12. 
13. 
14 $ 
15. 
16. 
17 .. 
18 .. 
19. 
20. 
21.. 
22. 
23 .. 
24. 
25. 
26~ 
27. 
28. 
29 . 
10 
11 
11 
15 
19 
19 
19 
20 
20 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
24 
f"' 
M 
F 
F 
M 
F 
F 
M 
M 
M 
M 
M 
M 
M 
M 
F 
f"l 
M 
F 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
TABLE I 
J.c.c. 
o.o. 
=1,00 X 84 
~ s37 X 93 
= .25 X 07 
-Ll2 X 105 
= 837 X 95 
- .25 X 20 
- .25 X 65 
=1.,50 X 20 
=. o 37 X 12 
-.,50 X 100 
=,.37 X 87 
plar:ao 
-.37 X 53. 
=.37 X 175. 
-.25 X 90 
~.50 X 85, 
=1,.87 X 175 
- .25 X 125. 
- .. 37 x 100 plano 
-1.00 X 05 -leOO X 172 
- $50 X 100 - 837 X 50 
"" , 812 X 52 
=1~37 X 90 
- $75 X 95. 
~ .62 X 95 
plano 
- .12 X 02 
- .,87 X 103 
-1.00 X 80 • 
- ,.50 X 82 
- .,12 X 178 
- el2 X 20 = .25 X 22 
- sl2 X 165 - .62 X 172. 
~ .25 X 90 - .,50 X 90 
- s50 X 95 - $25 X 45 
plano - o37 X 127 
~ e50 x 10 - .50 X 175 
0 
Bi~Cross cylinder 
o.s ~ 
-1.12 .x a,s ~ .. so x 98 
- e50 X 92 - .,37 X 89 
~ ~37 X 05 = el2 X 180 
-1$25 X 106 - .50 X 55 
= s25 X 93 - .50 X 175 
~ s37 X 22 - 925 X 91. 
-, ®25 X 68 
-L50 X 21 
- .,37 X 14 
- s37 X 105 
- .75 X 05 
- ,.52 X 90 
- sl2 X 51 
=1$25 X 88 
~ .62 X 9'7 
~ ,.62 X 92 
plano 
plano 
- ,12 X 165 
= ~37 X 90 
-1,.87 X 175. 
- .25 X 128 
plano 
- .,75 X 175 
= .,50 X 55 
= e25 X 03. 
"" .75 X 95. 
- .,75 X 85~ 
~ a62 X 80 . 
= .,12 X 175. 
= e25 X 23. 
~ .. 62 X -a70 
~ ,.25 X 85 - .50 X 100, 
= s37 X 100 - .25 X 50. 
plano 
- ,.75 X 14 
- .37 )( 127 
- .75 )( 175 
- .75 X 25 - s75 X 170 - e62 X 22 - .75 X 172 
- 962 X 82 - e50 X 95 - s62 X 96 = .37 X 89 
= a62 X 83 ~ .12 X 15 
-1$50 X 87 -1 6 50 X 97 
- 928 )( 105 - $25 )( 115 
= s87 X 105 - s50 X 109 
- .37 X 83 
-LSD X 88 
~ 312 X 10 
-1.50 X 93 
= $37 X 100 ~ 0 25 X 120 
=lsOO X 105 - .,25 X 107 
7 
TABLE I (CONTINUED) 
.JeC.C~ Bi-Cross cylinder 
CASE 1)\GE: SEX: D.O. D~S. D.O., D.Sa 
NO.: 
30s 24 M = ,.37 X 82 ~62 X 85 = .,25 X 89 = .. 25 X 90 
3L 24 M 
-
,.50 X 90 plano ~ .,37 X 95 plano 
32. 25 M 
-
.,87 X 101 =1 .. 12 X 92 = 6 75 X 95 -1~12 X 95 
33,. 25 rv1 -1.62 X 89 =le50 X 88 -1~62 X 88 .. 1 .. 37 X 88 
34. 25 M =1.,00 X 15 
-
.. 37 X 175 -lel2 X 15 
-
.,50 X 180 
35. 25 l"l 
-
,.62 X 22 = .. 62 X 180 = .. 75 X 20 
-
.,50 X 180 
36. 26 M 
-
,.50 X 100 = .. 62 X 75 
-
.,50 X 97 = ,50 X 75 
37. 26 M 
-
,.25 X 10 _, ~50 X 37 ... s25 X 10 
-
.. so X 38 
38 .. 26 F plano plano = e25 X 89 p:±ano 
39~ 27 M ~ ,.25 X 17 = ,.50 X 162 
-
~25 X 18 
-
~37 X 170 
40. 28 M -1&37 X 5 -1.,67 X 165 =1 .. 12 X 5 -L37 X 177 
4L 28 M 
-
.25 X 20 ~ a25 X 27 = ,25 X 20 = ,25 X 27 
42 .. 29 M 
-
,.12 X 12 = .,62 X 93 = el2 X 22 
-
050 X 94 
43o 30 M 
-
,25 X 32 p·.iafrm - .,37 X 31 plano 
44. 30 M r"l.DO X 17 .. ~75 X 147 
-
$75 X 19 
-
,.62 X 147 
45* 31 M p:lano -L75 X 157 pla:no -1,.87 X 158 
46~ 31 M = ,62 :!(, 127 
"" 
.. 50 X 72 ... .,62 X 127 = .,62 X 71 
47,. 41 f"' = ,.37 X 07 = .,25 X 160 - ,.37 X 10 - .25 X 165 
48. 41 M = .,50 X 110 
-
.50 X 65 
-
.. so X 111 
-
.,37 X 67 
49. 49 F 
-
e62 X 95 -1.12 X 83 ~ .. 62 X 95 •»1 .. 25 X 82 
50,. 69 M ~ls25 X 125 -1..25 X 75 -1.25 X 123 -lt~25 X 76 
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STATISTI CAL ANALYSIS 
Formulae used in th e statistical analysis of th e data are 
as follows: 
Mean: 
M = EX 
N 
where M = the arithmetic mean 
X = a score or other measure 
N = the number of scores 
E = denotes "sum of"4 
Standard Deviati on : 
S 1Ex2 
N-1 
where S = standard deviation 
x2 = the square of a devi a tion from 
the mean 
E = denotes "sum of" 
N = numb er of cases5 
Correlation Coefficient: 
r = l'-xy, 
J( Ex2) (Ey2) 
12 
where Exy ~ sum of the products of deviations 
X. and v 
E)(2 
"" 
sum of the squared deviations in 
X from f-1x 
Ey2 ~ sum of thp squared de'•llations in 
v from t"iy b 
Results of the statiatical analysis are as follow~~ 
Powe~ of the cylinder 
o.D~ -----------.590 
DoS. - - ---------&580 
A>' i s ~:~Il.~...EI/ Under 
'J.c.c. 
o .o.- -~===-=~=59,62 
o.s~~==--==---89,94 
Standard Deviations: 
Power of the cylinder 
• 
D.D.----------.432 
o~s.---~-=----$469 
Axis of _!be ,£~linder 
~g~£:;, 
DeD.-----------47 .10 
D~S~----~~--~--57.02 
Correlation Coefficient: 
1~ power D ~ Dc ~ s96 
2~ power D~Se = ,94 
3$ axis 0 .0. ~ ~94 
4s axis D.S. ~ $99 
~=Cross ~ylinder 
.. ?60 
.. 620 
Bi~Crcss cylinder 
61 .. 62 
9?.,30 
8i=Crosa c~linder 
.,387 
,.450 
~i-Cross.~ 
42~80 
5?990 
13 
SUMMARY AND CONCLUSION 
The data was correla ted in several different wayse 13 
The power and axis means of the J.C.C. findings for one eye 
(right eye then left eye ) wer e compared directly with the 
power and axis mean of the 81-Crass cylinder@ By comparing 
the respective means of the two types of testing, there is 
little if any difference, but this one comparison does not 
prove the reliability of the Bi-Cross cylindero 2. Further, 
the standard deviations resulted in a minimum change fo r both 
power an d axis, therefore proving that the J. C.C. and the 
Bi-Cross cylinder would be adequate for t he majority of the 
subjects involved and also could be predicted to be adequate 
for the simple majority of the "population." 3o According 
to correlation coeffici ents for power and axis there appears 
to be no significant di ff er ence. 4. By examination of the 
graphs, the va lues for power and axis are practically linear 
with some slight exceptionss 
The opinion of the authors of this paper, is that the 
correlation coefficient is adequate to allow free substitu-
tion of one procedure for the other. 
14 
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